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Nuclear mass measurements

N

time: Bp-TOF, IMS < MRTOF < PTMS < SMS
precision: PTMS > SMS, IMS, MRTOF > Bp-TOF
many masses simultaneously
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Nuclear mass measurements

time: Bp-TOF, IMS < MRTOF < PTMS < SMS
precision: PTMS > SMS, IMS, MRTOF > Bp-TOF
many masses simultaneously

. -
- .

o et R o '

- . “ N -
\ 3 by L\ R
Y. b g
) i B\ Ny
.II . o o 9 2 .
. aw \ .3
. , XY ¢ : »
: i \A N - 7
- 3 . R " -
V.- ( R3 W \ \ ™
) & . A ————— » \/ N
/

TOF stop detector & Septum magnets
| Detectors for particle ID ™ // for extraction

@l ,. Dipole magnets

A
Dipole magnets
with 10 trim-coils

RIKEN-R?

S5 » 3

Slorge =

Ring N

~ Resonant S
Schottky pick-up — _'

) b\\ : ~
Y Linear \ \ "
Fragment ' _
Separator = \>

1WA 1]

Kick - i L/ Septum magnets
icker magnets \ oS
Accelerator g ’ \ for injection

UNILAC W TOF start detector

C-foil + MCP
FRS \ ¢ C (Timing detector)
\ \ " | . Injection line
_ eavy-lon m Selected Rl
Production .~~~ \"y Synchrotron - (from BigRIPS)

target SIS



19th International Conference on Electromagnetic Isotope Separators and Related Topics (EM1S2022)

Outline

o> Why do we measure nuclear mass-l
e> Isochronous mass spectrometry 'l
& sranma somnous s ncronD

oz New results and perspect_l




Isochronous mass spectrometry at CSRe

IMS Mass Measurements
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Isochronous mass spectrometry at CSRe

-2 _ dC/Cref
d(Bp)/(Bp)

Isochronous mass spectrometry

Vi

X. L. Tuetal., NIM A 654, 213 (2011)



Isochronous mass spectrometry at CSRe
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New scheme for mass measurements

INSTITUTE OF PHYSICS PUBLISHING JOURNAL OF PHYSICS G: NUCLEAR AND PARTICLE PHYSICS

J. Phys. G: Nucl. Part. Phys. 31 (2005) S1779-S1783 doi: 10.1088/0954-3899/31/10/072

Precision experiments with relativistic exotic nuclei
at GSI

H Geissel'“ and Yu A Litvinov'~

the narrow range where the 1sochronous conditions are fulfilled. The analysis with only one
time-of-flight (ToF) detector positioned inside the ESR lattice [26] requires, in principle, a
strong restriction on the accepted mass-to-charge ratio. A solution is to measure the velocity
of each fragment in addition to the revolution time. This will provide a correlation to account
for the deviations from the strict isochronous condition. For this purpose, additional detectors
could be placed within the FRS, inside the ESR, and behind the extraction channel from the
ESR. Within the FRS both magnetic rigidity and time-of-flight measurements are possible.
However, a restriction is certainly the higher particle rate compared to the actually stored ions
in the ESR. The advantage with a second ToF detector within the ESR is the turn-by-turn
velocity correlation measurement. The velocity measurement of the extracted beam after
many revolutions in the ESR also has advantages. For example, the velocity can be measured



New scheme for mass measurements

Phys. Rev. Accel. Beams 24 (2021) 042802
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Bp-defined isochronous mass spectrometry
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Bp-defined isochronous mass spectrometry

140 GTOF2=52'6pS 4 ;

PHYSICAL REVIEW ACCELERATORS AND BEAMS

Highlights Recent Accepted Special Editions Authors Referees Sponsors Search Press About Staff AN

EDITORS' SUGGESTION

In-ring velocity measurement for isochronous mass

spectrometry
a0l X. Zhou et al.
""‘20- . Phys. Rev. Accel. Beams 24, 042802 (2021)
E -
< r::i: 10+ Detecting the time difference between traversals of two thin foils, 18 m apart, allows measuring the velocity of >
:"i 0 | short-lived nuclei, circulating in a storage ring over a few hundred turns, with a relative precision of 10 ppm.
- - .
tci_10 - _D}' .." ': ..
S R LU L LU LU L L
i i i " i " i & I i I bV = p—
0 20 40 E.?(m) 80 100 120 Attop Atexp — Aty
-100 "t —— T » Impact of the Betatron oscillation
1 L 1 L 1 ‘ L gIﬁﬁ*gé%%
40 50 60 70 80 20

N



Bp-defined isochronous mass spectrometry
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Bp-defined isochronous mass spectrometry
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Bp-defined isochronous mass spectrometry
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Bp-defined isochronous mass spectrometry
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Bp-defined isochronous mass spectrometry
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New mass results
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New mass results
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HIAF: High Intensity heavy ion Accelerator Facility S




1) Isochronous Mass Spectrometry have been used to measure short-
lived nuclides at CSR to study issues in nuclear astrophysics and
nuclear structure.

2) We have developed Bp-defined IMS, which is a new tool for precision
mass measurements of short-lived nuclel.

3) Owing to simultaneous measurement of the revolution time and
velocity of every stored short-lived ion, the sensitivity and precision of
the mass measurements were significantly increased.

4) The new research facility HIAF Is being constructed and will provide
new opportunities for nuclear physics.
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